Um método de espectrometria de massas sequencial com ionização por electrospray (IES-EM/EM) foi desenvolvido para identificação dos nucleosídeos e bases em extratos de ascídias. Para este fim realizamos um estudo sistemático de preparo de amostra associado à análise de fragmentação de uma série de nucleosídeos e bases em IES-EM/EM. Estas abordagens constituem ferramentas analíticas importantes para screening rápido e determinação estrutural de nucleosídeos e bases em extratos de ascídias, os quais podem auxiliar nos estudos ecológicos do gênero.
Introduction
Nucleosides are part of the nucleic acid compound family. They are glycosylamines made by attaching a nucleobase to a ribose or deoxyribose ring. Examples of these include cytidine, uridine, adenosine, guanosine, thymidine and inosine. Nucleosides are involved in the regulation and modulation of various physiological processes in the central nervous system (CNS). Adenosine can depress the excitability of CNS neurons and inhibit the release of various neurotransmitters presynaptically. 1, 2 There is growing pharmacological evidence based on studies with several animal models of seizure disorder that adenosine possesses anticonvulsivant activity. 3 Inosine, the major biochemical metabolite of adenosine derived from oxidative deamination, stimulates axon growth in vitro and on the adult central nervous system. 4 In addition, nucleosides also play an important role in growth and differentiation of the gastrointestinal tract, as well as in the maintenance of the immune response. 5, 6 Other closely related compounds are adenine arabinoside (Ara-A), an antiviral compound synthesized and commercialized by Burroughs Wellcome (now Glaxo Smith-Kline) and later found in the Mediterranean gorgonian Eunicella cavolini, and cytosine arabinoside (ARA-C), a potent antileukemic agent commercialized by Upjohn (now Pharmacia). These compounds are derived from spongothymidine and spongouridine isolated in the early 1950s from the Caribbean sponge Criptotethya crypta. 7 Nucleosides are present in several species of ascidians. Thymidine was isolated from Trididemnum cereum, 8 Aplidium pantherinum, 9 Didemnum voeltzkowi, 10 Eudistoma sp., 11 and Atriolum robustum. 12 Uridine was reported in Aplidium pantherinum, 9 Botryllus schlosseri, 13 and Atriolum robustum. 12 2'-deoxyuridine and 2'-deoxyinosine were identified in the ascidians Trididemnum cereum 8 and Aplidium pantherinum. 9 Hypoxanthine was isolated from Trididemnum cereum 8 and adenosine was present in Eudistoma sp. 11 Based on these comments we can accept that ascidians are potential sources for nucleosides, which can also serve as a chemical taxonomic marker.
In recent years, it has been shown that liquid chromatography (LC) coupled to electrospray ionization mass spectrometry (ESI-MS) is a powerful tool to separate and identify natural products. [14] [15] [16] Structure elucidation of natural compounds in complex mixtures has also been possible by use of direct injections of crude extracts into the electrospray ionization tandem mass spectrometry (ESI-MS/MS) followed by isolation into the analyzer, even using small quantities of plant material or other biological samples. 17, 18 More recently, systematic investigation on ionization processes and gas phase chemistry involved in natural products fragmentation for fingerprint analysis has been useful from plants, 19, 20 algae, 21 and microorganisms. 22 The literature reports several examples of this approach for alkaloids, 19 sesquiterpene lactones, 20 carotenoids, 21 polyketides, [22] [23] quinones, 24 retinoids 25 and β-carbolines.
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The present paper proposes a sample optimization for rapid identification of nucleosides and bases using electrospray ionization tandem mass spectrometric (ESI-MS/MS) screening method in ascidian extracts. In this study, we report several fast techniques of sample preparation followed by a direct ESI-MS/MS spectrometric method for characterization of the nucleosides.
Experimental

Materials, standards and sample preparation
Colonies of the ascidian E. vannamei (1460 g, wet weight) were collected on the intertidal zone of the beach rocks at Taiba Beach (São Gonçalo do Amarante, Ceará State, Brazil) and frozen. The material was extracted with MeOH (1/5, m/v) at room temperature and the solvent was evaporated in vacuum to afford 46.10 g of the crude extract. The nucleosides adenosine and guanosine were isolated from the methanolic extract of the ascidian E. vannamei and were used as standards.
2'-deoxyguanosine, 2'-deoxyinosine, 2'-deoxyuridine, uridine, thymidine, and hypoxanthine isolated from the methanolic extract of the ascidian Didemnum psammatodes were also used as standards.
Standards of uracil, thymine, guanine, and adenine were purchased from Sigma. A solution of each nucleoside and base (0.1 mg mL -1 ) was prepared in MeOH/H 2 O 1:1 and stored in refrigerator.
The studied compounds are listed in Table 1 and their respective structures are shown in Figure 1 .
Several samples from the extracts were prepared to analyze the presence of nucleosides and bases. The methods of preparation for each sample are listed in Table 2 .
Mass spectrometry
Methanol (HPLC grade) and de-ionized water (Milli-Q) were used throughout the whole study. ESI mass spectra, precursor and product ions scans were acquired in positive ion mode and recorded on a quadrupole-time of flight instrument (UltrOTOF-Q, Bruker Daltonics, Billerica, MA). Conditions: capillary voltage 3400 V; dry gas temperature, 180 °C; dry gas flow, 4 L h -1 ; nebulizer gas, nitrogen. NaTFA 10 mmol L -1 was used as standard for internal and external calibration. For tandem mass spectrometry analysis (ESI-MS/MS) nitrogen was used as collision gas.
Results and Discussion
Analysis of standards by ESI-MS
The mass spectra of the guanine and adenine 
Purines ( Figure 1 , structure B) Table 1 ). ESI-MS/MS data of the protonated and cationized nucleosides and bases are shown in Table 3 . Small neutral losses corresponding to the molecules NH 3 (-17), HCN (-27), H 2 NCN (-42) and HNCO (-43) are the major pathways. The elimination of masses 116 and 132 indicates the presence of deoxyribosyl and ribosyl, respectively, in the molecule. This cleavage, connected with hydrogen transfer, is depicted in Figure 2 . Figure 3A shows the ESI mass spectrum of the first sample obtained from the extract derived from the ascidian E. vannamei. This sample was prepared by solubilization of the extract in MeOH and cleans up using Sepack-C 18 . The presence of the nucleoside adenosine (9) was confirmed by the ion of m/z 268 from the [M + H] + (see Table 4 ). However, other ions were present in the mass spectra, and the accuracy mass indicate the absence of nitrogen on their molecular formula. The addition of MeOH in the extract may have solubilized other constituents less polar than the nucleosides.
Analysis of the extracts obtained from the ascidians E. vannamei and D. psammatodes by ESI-MS
In the second, third and fourth sample obtained by solubilization of the extract from E. vannamei in H 2 O, MeOH/H 2 O and acetonitrile/H 2 O, respectively, the nucleosides were not extracted in high amount compared with other compounds (see Figures 3B, 3C and 3D ). It is possible that the clean up process of the extract using a Sepack-C 18 cartridge is necessary to retain these compounds that are not nucleosides, and also confirm the less polar characteristic of those. Figure 3E shows the ESI mass spectrum of the fifth sample obtained from the extract of E. vannamei. This sample was prepared by solubilization of the extract in MeOH and cleans up using Sepack -silica followed by elution with MeOH. The nucleosides were not extracted by this method yet. Only the ion of m/z 136 from the [M + H] + of the adenine base (6) was present in the mass spectra of this sample obtained from scan mode (see Figure 3E) . + and [M + Na] + , respectively, was confirmed in the mass spectra (see Figure 3F) . However, other ions were present. The process of extract solubilization in EtOAc was not enough for remove the low polarity impurities that were in the extract as those ions were observed in the mass spectra. In the following stage, the use of MeOH/ H 2 O 1:1 to dissolve the sample was adequate to get the nucleoside adenosine and the elution with another 1.0 mL of MeOH/H 2 O was enough to remove that and other impurities of the silica, as other ions that were not nucleosides were present in the mass spectra. Figure 3G shows the ESI mass spectrum of the seventh sample obtained by solubilization of the extract from E. vannamei in H 2 O at 60 ºC, clean up using Sepack-C 18 followed by elution with H 2 O and H 2 O/MeOH. This method proved to be the best to get the nucleosides and eliminate the impurities. The use of H 2 O at 60 °C was adequate to solubilize only more polar compounds, like nucleosides. The elution of the sample with H 2 O removed impurities like salts, sugars and other compounds of high polarity. Then, the elution with H 2 O/MeOH 8:2 removed the nucleosides of the C 18 cartridge (see Figure 3G ). The presence of nucleoside 2'-deoxyadenosine (10) + (see Table 4 ), and the base adenine (6) ESI tandem mass spectrometric experiments of these compounds were also obtained (see Figures 4A, 4B , 4C and 4D) and the losses are showed in Table 3 .
With the aim to confirm the efficiency of the method of sample preparation the extract of the ascidian Didemnum psammatodes was submitted to the same technique of the seventh sample. From the previous fractionation and purification of this extract were isolated the nucleosides 2'-deoxyguanosine (13), 2'-deoxyinosine (11), 2'-deoxyuridine (4) and thymidine (5) in small quantities. Figure 3H shows the ESI mass spectrum of the sample obtained from ascidian D. psammatodes. The presence of the nucleoside thymidine (5) + (see Table 4 ). The ESI tandem mass spectrometric experiments of these compounds were also obtained (see Figures 4E and 4F ) and the losses are showed in Table 3 .
Conclusions
In this paper, we report the development of a simple and rapid technique of sample preparation followed by a direct ESI-MS/MS spectrometric method for characterization of nucleosides and bases from ascidian extracts. Three nucleosides and one base in a methanolic extract from the ascidian E. vannamei and two nucleosides in the methanolic extract from the ascidian D. psammatodes were identified. The successful determination of the nucleosides in E. vannamei and D. psammatodes shows that ESI-MS and ESI-MS/MS can serve as powerful analytical tools for rapid screening of nucleosides in ascidian extracts, avoiding time and material-consuming efforts in chemical characterization of marine organisms. 
